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(54) Laminate and use thereof 

(57) A laminate having an excellent gas barrier 
property and an improved organic solvent resistance 
and is suitable for use in containers for chemicals and 
volatile materials such as organic solvents and fuels, 
which comprises: 



ate. and may further contain, in the layer (B). a graft 
copolymer prepared by graft polymerization of an ethyl- 
enically unsaturated carooxylic acid or its derivative 
onto a polyolefin followed by a reaction with a poJya- 
mide. 
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(A) a layer comprising (A1) a hydrolyzed ethyl ene- 
vinyl acetate copolymer having an ethylene content 
of 10to70%bymole and a degree of hydrolysis of 
at least 85 % by mole. 

(B) a layer of a resin composition comprising (B1) a 
polyolefin resin and (B2) 0.5 to 40 % by weight, 
based on said polyolefin (B1). of a hydrolyzed ethyl- 
ene-vinyl acetate copolymer having an ethylene 
content of 10 to 70 % by mole and a degree of 
hydrolysis of at least 85 % by mole, 

(C) an outer layer of a polyolefin resin disposed on 
the outer side of said layer (A), and 

optionally an outer layer of said polyolefin 
resin (C) disposed on the other side, 

wherein the ratio of the apparent melt vis- 
cosity of said polyolefin (B1) to that of said hydro- 
lyzed copolymer (B2) at a rate of shear of 100 cm' 1 
and at 230°C is from 0.1 to 50. 

The laminate may further contain, in the layer (A), 
at least one member selected from the group consisting 
of (A2) a boron compound. (A3) a polyolefin resin. (A4) 
a termicaJ control! ed-polyamide resin, (A5) a carboxylic 
acid-modified polyolefin resin, (A6) at least one of salts, 
oxides and hydroxides of alkali and alkaline earth met- 
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Descripti n 

The present invention relates to a laminate having excellent gas barrier property and organic solvent resistance, 
and a container made of the laminate. 

5 In general, a hydrofyzed ethylene- vinyl acetate copolymer (hereinafter referred to as "EVOH") is superior in trans- 

parency, antistatic property, oil resistance, solvent resistance, gas barrier property, perfume retainabilrty and the like. In 
the uses of packging materials, EVOH has been utilized in various packging purposes in such a manner as laminating 
a film of low density polyethylene, polypropylene, nylon, polyester or the like onto the both surfaces of an EVOH film so 
as to offset the deficiencies of EVOH such as drop test number (impact strength), thermal formability and moisture 

10 proof, while maintaining good properties of EVOH such as gas barrier property, perfume retainabilrty and prevention of 
discoloration of foods. 

Recently. EVOH is utilized not only in packging purposes such as bottles for foods as mentioned above, but also in 
purposes of containers such as bottle and tank for transportation and storage of agricultural chemicals, reagents, and 
volatile materials composed mainly of hydrocarbon compounds, e.g. various organic solvents and fuels such as kero- 
is sene. 

EVOH has in general good gas barrier property and solvent resistance, but the solvent resistance is not so high 
that it can be. exposed to such hydrocarbon solvents without any problems. In particular, in case of stretched tarns or 
sheets and containers made thereof, there occurs so-called solvent cracking (stress cracking) that strain resulting from 
stress in stretching produces cracks by the influence of the solvents. 
so In order to avoid such a bad influence of organic solvents, various proposals have been made, for example. (1) a 
three-layer laminate consisting of an irrtermecfiate layer wherein a gas barrier resin such as polyamide. polyvinyl alcohol 
or EVOH is dispersed as a discontinous phase into a polyethylene resin matrix, and outer layers of a polyethylene resin 
on both sides of the intermediate layer (Japanese Patent Publication Kokai No. 6-218891); (2) incorporation of at least 
one thermoplastic resin selected from the group consisting of polyamide. polyolefin and polyester into EVOH (Japanese 
25 Patent Publication Kokai No. 7-52333); (3) lamination of an EVOH layer containing a plasticizer with a layer of a ther- 
moplastic resin such as polyamide or polyolefin (Japanese Patent Publication Kokai No. 5-328634); (4) lamination of a 
resin layer containing EVOH or polyamide with a polyolefin layer treated with a halogen compound or a sulfur compound 
(Japanese Patent Publication Kokai No 6-340033): and (5) lamination of a fjolyamide or EVOH layer with a polyolefin 
layer using a specific modified polyolefin as an adhesive tor the lamination (Japanese Patent Publication Kokai fslos. 64- 
30 38232 and 64-38233 and Kokoku No 60-34461). 

However, the above proposal (1) is difficult to exhibit the barrier property sufficient to satisfy the demand of recent 
rnerket. The proposal (2) is insufficient in solvent cracking resistance, and there is yet room for improvement in barrier 
property. The proposal (3) has an apprehension of lowering of adhesive strength between the EVOH layer and the 
adhesive layer. The proposal (4) leaves a problem in safety at the time of the treatment (deterioration of working envi- 
35 ronment). The proposal (5) is still lacking in solvent cracking resistance. Thus, it is the actual situation that any satisfac- 
tory laminate has not yet been proposed. 

Accordingly, it is an object of the present invention to provide a laminate having an excellent gas barrier property 
and an improved organic solvent resistance. 

A further object of the present invention is to provide a laminate made from EVOH suitable tor the production of 
40 containers or vessels tor storage and transportation of organic solvents, fuels and the like. 

Another object of the present invention is to provide a container having excellent properties such as gas imperme- 
ability and solvent resistance. 

These and other objects of the present invention will become apparent from the description hereinafter. 

In accordance with the present invention, there is provided a laminate comprising: 

45 

(A) a layer comprising (A1) a hydroiyzed ethylene-vinyl acetate copolymer having an ethylene content of 10 to 70 
% by mole and a degree of hydrolysis of at least 85 % by mole, 

(B) a layer of a resin composition comprising (B1) a polyolefin resin and (B2) 0.5 to 40 parts by weight, per 100 
parts by weight of said polyolefin resin (B1), of a hydroiyzed ethylene-vinyl acetate copolymer having an ethylene 

so content of 1 0 to 70 % by mole and a degree of hydrolysis of at least 85 % by mole, and 

(C) a layer of a polyolefin resin disposed on the outer side of said layer (A), 

wherein the ratio of the apparent melt viscosity of said polyolefin resin (B1) to that of said hydroiyzed copolymer 
(B2) at a rate of shear of 100 cm* 1 and at 230°C is from 0.1 to 50. 
55 Preferably, the polyolefin layer (C) is also disposed on the outer side of the resin composition layer (B). 

The laminate of the present invention has an excellent gas barrier property and an excellent organic solvent resist- 
ance, and containers or vessels made thereof are very useful as those tor agricultural chemicals, reagents, and volatile 
compounds composed mainly of hydrocarbons (various organic solvents and fuels) such as kerosene. Molded articles 
having such a built-up layer structure are of course useful for other purposes in view of their excellent properties. 
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The hydrolyzed ethylene-vinyl acetate copolymer (EVOH) (A1) used in the EVOH layer (A) must be those having 
an ethylene content of 10 to 70 % by mole, preferably 15 to 65 % by mole, more preferably 20 to 60 % by mole, and 
having a degree of hydrolysis of at least 65 % by mole, preferably at least 90 % by mole, more preferably at least 95 % 
by mole. If the ethylene content is less than 10 % by mole, the melt moldability is lowered, and if the ethylene content 
5 is more than 70 % by mo* , no sufficient gas barrier property is obtained. Also, if the degree of hydrolysis is less than 
85 % by mole, th gas barrier property and resistance to organic solvents (volatile compounds composed mainly of 
hydrocarbons) are lowered. 

The EVOH (A1) may contain a small amount, e.g., up to 15 % by mole, especially up to 10 % by mole, of a comon- 
omer so long as the properties such as transparency, gas barrier property and solvent resistance are not substantially 

w impaired. Examples of the c» monomer are, for instance, an a-olefin such as propylene, isobutene, ctoctene, ct- 
dodecene or a-octadecene; an unsaturated ca/boxytic acid, its salt, its partial alkyt ester and its full alkyl ester; a nrtrile; 
an amide; an anhydride; an unsaturated sulfonic add and its salt; and the like. 

A boron compound (A2) may be added to the EVOH layer (A) in older to raise the stress cracking resistance of the 
layer (A). Examples of the boron compound (A2) are, for instance, boric add, borax and their derivatives, e.g., a boric 

is acid ester such as ethyl borate and a metal salt of boric acid such as sodium borate or magnesium borate; a halogen- 
ated boron compound, such as trichloroboron, and its coordination compound with an ether or an amine; a triaikyt or 
triaryl boron compound, such as trimethyboron or triphenyfboron, and its coordination compound; and the like. Boric 
acid and borax are preferably used. The boron compound (A2) incorporated into the EVOH layer (A) is used in such an 
amount that the content of boron is from 0.001 to 0.5 % by weight, preferably 0.001 to 0.4 % by weight, more preferably 

20 0.001 to 0.3 % by weight based on the EVOH (A1 ). If the boron content is less than 0.001 % by weight, the stress crack- 
ing resistance is not raised. If the boron content is more than 0.5 % by weight, problems such as roughing of the surface 
of moldings and uneven thickness of moldings arise, thus the moWabilrty is lowered. 

The EVOH layer (A) may further contain a polyolef in resin (A3), whereby the low temperature impact resistance of 
the layer (A) is improved. Various kinds of potyolefin resins can be used as the polyolef in resin (A3). Examples of the 

25 potyolefin resin (A3) are. tor instance, high density polyethylene, medium density polyethylene, low density polyethyl- 
ene, linear low density polyethylene, ultra low density polyethylene, copolymers of ethylene with a minor amount of a 
co monomer, e.g., vinyl acetate, an acrylic or methacrytic acid ester or an a-olefin such as butene. hexene or 4-methyt- 
1-pentene, polypropylene hornopolymer, a graft copolymer of polypropylene and ethylene, copolymers of propylene 
with a minor amount of a comonomer. e.g.. an a-olefin such as 4-m ethyl -1-pentene, poty-1 -butene, poty-4-methyl-1- 

30 pentene, modified polyolef ins derived from the above-mentioned pofyolefins, e.g.. the above-mentioned polyolef ins 
modified by copolymerization or graft polymerization with an unsaturated carboxylic acid or an anhydride thereof, a 
vinyl si lane compound or an epoxy group-containing compound, and the like. High density polyethylene, medium den- 
sity polyethylene, (linear) low density polyethylene and ultra low density polyethylene are preferred. 

The amount of the polyolef in resin (A3) is from 5 to 100 parts by weight especially 10 to 80 parts by weight, per 

35 100 parts by weight of the EVOH (A1). If the amount of the potyolefin resin (A3) is less than 5 parts by weight the low 
temperature impact resistance is not sufficiently improved, ff the amount is more than 100 parts by weight, it becomes 
difficult to stably exhibit the gas barrier property. When a carboxylic acid-modified potyolefin resin (A5) mentioned after 
is also used with the potyolefin resin (A3), total amount of the resins (A3) and (A5) should fall within the above range. 
The EVOH layer (A) may also contain a terminal-controlled potyarnide resin (A4), whereby the solvent cracking 

40 resistance and low temperature impact resistance of the layer (A) are further improved. As the terminal-controlled 
potyarnide resin (A4), there are used potyarnide resins wherein the number of terminal COOH groups (x) and the 
number of terminal CONRR* groups (y). in which R is a hydrocarbon group having 1 to 22 carbon atoms and R* is hydro- 
gen atom or a hydrocarbon group having 1 to 22 carbon atoms, are controlled by a terminal controlling agent so as to 
satisfy the equation: (100 x y)/(x + y)t5. 

45 Such terminal-controlled potyarnide resins (A4) are prepared by carrying out polycondensation of the raw materials 
for the polyamides in the presence of a monoamine having 1 to 22 carbon atoms or in the presence of the monoamine 
and a monocarboxyiic acid having 2 to 23 carbon atoms. 

The potyarnide raw materials include, for instance, a lactam such as c-caprotactam, enantholactam, capryllactam. 
lauryllactam. a-pyrrolidone or a-piperidone; an o-amino acid such as 6-aminocaproic add, 7-aminoheptanoic acid, 9- 

50 aminononanoic add or 1 1 -aminoundecanoic acid ; a dibasic acid such as adipic acid, glutaric acid, pimelic acid, suberic 
acid, azelaic acid, sebadc acid, undecanedioic acid, dodecanedioicacid, hexadecanedioic acid, eicosadienedioic acid, 
diglycolic add, 2.2,4-mrnethyladipic add, xytyiene dicarboxyiic acid, 1.4-cyclohexane dicarboxylic acid, terephthalic 
acid or isophlhalic acid; and a diamine such as hexarrKJthylenediarnine. tetramethylenediamine, nonamethylenedi- 
amine, undecamethylenediamtne, dodecamethyteneolamine, 2,2,4- or 2,4 ( 4-trimethyir>examethylenecfiarnine, bts(4,4'- 

55 aminocydohexyf)methane or m-xytylene diamine. 

Examples of the monoamine having 1 to 22 carbon atoms are, for instance, an aliphatic monoamine such as meth- 
ylarnine, ethytamme, propylamine, butylamine, pentylamine, hexylamine. heptylamine, octylamine, 2-ethylhexylamine, 
nonylamine, decyiamine. undecylamine, dodecyiamine. tridecylamine, tetradecylamine. pentadecylamine, hexade- 
cylamine. octadecylamine, eicosylamine or docosytamine; an alicydic monoamine such as cydohexylamine or methyt- 
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cydohexylamine; an aromatic monoamine such as benzylamine or p-phenylethylamine; a symmetric secondary amine 
such as N.N-dibutylarnine, N.N-dihexytamine, N.N-dioctytamine or N.N-didecytamine; and a mixed secondary amine 
such as N-rr*ethy1-N-ethy1 amine, N-methyl-N-butyfarnine. N-fwthyl-N-dodecyl amine, N-metr^-N-octadecyl amine. N- 
ethyl- N-hexadecylamine. N-ethyl-N-octadecylaminB. N-propyl-N-haxadecylamine f N-methyl-N-cyclohexylamine or N- 
5 methyl -N-benzytamine. 

Examples of the monocarboxytic acid having 2 to 23 carbon atoms are, lor instance, an aliphatic monocarboxytic 
acid such as acetic acid, propionic acid, butylic acid, valeric acid, caproic acid, enanthic acid, caprylic acid, capric acid, 
peiargonic acid, undecanoic acid, lauric acid, tridecanoic acid, myristic acid, palmitic acid, stearic acid, oleic acid, lino- 
leic acid, arachic acid or behentc acid; an alicyd ic monocarboxylic acid such as cyciohexane carboxylic acid or methyl- 
10 cyciohexane carboxylic acid; and an aromatic monocarboxylic acid such as benzoic acid, toluic acid, methyl benzoic 
acid or phenylacetic acid. 

In addition to the monoamine or a combination of the monoamine and the monocarboxylic acid used in the prepa- 
ration of the terminal-controlled potyamide resin (A4). c5 amines ancYor dicarboxytic acids may be further present in the 
reaction system, as occasion demands, e.g., an aliphatic diamine such as ethytenediamine, tri methyl enediamine, 

is tetramethylenediamine. pentamethyi enediamine. hexamethyfenediamine, octamethylenediamine. decam ethyl enedi- 
amine. dodecamethyienediamine, or 2,2,4- or 2,4,4-trimethylhexamethyl enediamine; an alicyclic diamine such as 
cyd ohexa n edi amin e or bis(4,4*-arrunocyobhexyl)methane; an aromatic diamine such as xyf enediamine; an aliphatic 
dicarboxylic acid such as malonic acid, succinic acid, gtutaric acid, adipic acid, pimelic acid, suberic acid, azelaic acid, 
sebadc acid, dodecanedioic acid, tetradecanedioic add, hexadecanedioic acid, octadecanedioic acid, octadecenedioic 

20 acid, eicosanedioic acid, eicosenedioic acid, docosanedioic acid or 2,2,4-trimethyladipic acid; an alicyclic dicarboxytic 
acid such as 1 ( 4-cyclohexanedicarbaxylic acid; and an aromatic dicarboxylic acid such as tereprtthaGc acid, isophthalic 
acid or xylenetfcarbaxylic acid. 

In the preparation of the terminal-controlled potyamide resin (A4), the reaction is initiated in a usual manner using 
the above-mentioned polyamide raw materials. The above-mentioned carboxylic add and amine compounds can be 

25 added to the reaction system in any stage from the initiation of the reaction up to starting a reaction under a reduced 
pressure. The carboxylic acid and the amine may be added together or separately. 

The monocarboxylic acid and monoamine to be coexisted as a terminal controlling agent in the poly condensation 
of the polyamide raw materials are used, respectively, in an amount of 2 to 20 mtlliequrvalertts. preferably 3 to 19 mil- 
liequivalents, of carbaxyl group or amino group per mole of the polyamide raw materials (per mole of each of the dicar- 

30 boxylic acid and the diamine, namely per mote of a recurring unit). With respect to the equivalent of amino youp, the 
amount of amino group which reacts with one equivalent of a carboxylic acid to produce amido bonding, is one equiv- 
alent. If the amount of these terminal controlling agents is too small, the terminal -control led polyamide effective for 
improving the solvent cracking resistance and the low temperature impact resistance cannot be prepared. If the amount 
is too large, it is difficult to prepare a polyamide having a high molecular weight, thus exerting a bad influence on the 

35 physical properties of the obtained polyamide. 

The reaction is carried out in such a manner that the pressure in the final stage of the reaction is at most 400 Tons, 
preferably at most 300 Tons. If the pressure in the final stage is high, a polyamide having a desired relative viscosity is 
not obtained. A low pressure does not particularly cause inconvenience. The reaction time under reduced pressure is 
at least 0.5 hour, usually from about 1 to about 2 hours. 

40 The hydrocarbon group shown by R or R' in the terminal -CONRR' group of the terminal-controlled polyamide resin 
(A4) indudes, for instance, an aliphatic hydrocarbon group such as methyl group, ethyl group, propyl group, butyl group, 
pentyl group, hexyt group, heptyl group, octyl group, 2-ethylhexyl group, nonyl group, decyi group, undecyl group, 
dodecyl group, tridecyl group, tetradecyl group, tetradecylene group, pentadecyl group, hexadecyl group, heptadecyl 
group, octadecyl group, eicosyl group or decosyl group; an aBcydic hydrocarbon group such as cydohexyi group, meth- 

4& ylcycfohexyl group or cycfohexylmethyi group; and an aromatic hydrocarbon group such as phenyl group, toluyl group, 
benzyl group or 0-phenytethyl group. 

The conversion of the terminal -COOH group into the -CONRR' group in the terrninal-controlled polyamide (A4), 
which is adjusted by coexisting the specific amine or a combination thereof with the specific carboxylic acid as men- 
tioned above in the reaction system at the time of preparing the polyamide, is preferably such thai the relationship 

so between the number of terminal -COOH groups (x) and the number of terminal -CONRR* groups (y) satisfies the equa- 
tion: (100 x y)/(x + y)s5, preferably the equation: (100 x y)/(x + y) s 10. It is also desirable that the amount of the 
nonconverted -COOH group is at most 50 eq/g of polymer, preferably at most 40 jl eo/g of polymer, more preferably 
at most 20 ii eq/g of polymer. It the conversion is small, the effects produced by the polyamide (A4) cannot be expected. 
A large conversion does not cause any inconvenience in the physical properties, but the preparation becomes difficult 

55 and, therefore, it is advisable to adjust the conversion so that the amount of the nonconverted terminal -COOH group 
is at least 1 n eq/g of polymer. 

The terminal -CONRR* group can be determined by means of gas chromatography by hydrotyzing the polyamide 
(A4) using hydrochloric acid. The -COOH group can be determined by titration of a benzyl alcohol solution of the polya- 
mide with 0. 1 N sodium hydroxide. 
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As the terminal groups of the polyamid (A4) are also present -COOH and -NHj groups derived from the above- 
mentioned polyamide raw materials in addition to the -CON R FT group. 

The terminal amino groups may be either modified or unmodified. However, from the viewpoints of good flowability 
and heat stability of molten polyamide. It is desirable that the terminal amin groups are also modified with the above- 
s mentioned hydrocarbon groups. 

The EVOH layer (A) may further contain a carboxyfic acid-modified polyolefin (AS), whereby the low temperature 
impact resistance of the layer (A) is improved, and a compound (A6) selected from the group consisting of salts, oxides 
and hydroxides of alkali and alkaline earth metals, whereby the melt for mabilrty is improved. The carboxyfic acid-mccfi- 
f ied polyolefin (A5) is used in combination with the alkali or alkaline earth metaJ compound (A6). 
10 The carboxylic acid-modified polyolef ins (A5) used in the present invention are those derived from poryolehns as 
exemplified for the polyolefin (A3), such as uttra low density polyethylene, low density polyethylene, linear low density 
polyethylene, high density polyethylene, polypropylene and other polyolef ins, and copolymers of a predominant amount 
of olefins and other monomers such as a vinyl monomer, e.g. an ethyl en e-vinyl acetate copolymer and an ethylene- 
ethyl acrylate copolymer which have a large ethylene content. The modified polyolef ins are prepared by graft polymer- 
is ization of these polyolef ins with a carboxyfic acid or copolymerization of monomers constituting these polyolef ins with 
a carboxyfic acid. Examples of the carboxyiic acid are, for instance, maleic acid, acrylic acid, rtaconic acid, crotonic acid, 
maleic anhydride, itaconic anhydride, and other unsaturated aliphatic carboxyiic acids or anhydrides thereof. Maleic 
anhydride is preferably used. It is practical that the content of group carboxyl in the resin (A5) is from about 0.002 to 
about 0.2 equivalent per 100 g of the carboxyiic acid-modified polyolefin (A5). 
so The alkali or alkaline earth metal compound (A6) is selected from salts such as inorganic acid salts and fatty acid 
salts, oxides and hydroxides of alkali metals such as lithium, sodium and potassium and alkaline earth metals such as 
magnesium, calcium and barium. Typical examples of the metal compound (A6) are. for instance, sodium carbonate, 
lithium carbonate, magnesium carbonate, calcium carbonate, barium carbonate, sodium hydroxide, lithium hydroxide, 
magnesium hydroxide, calcium hydroxide, potassium hydroxide, barium hydroxide, magnesium oxide, and salts of sat- 
25 urated or unsaturated fatty acids such as formic acid, acetic acid, propionic acid, butyric acid, citric acid, palmitic acid, 
myristic acid, stearic acid, oleic acid, linoleic acid, linolenic acid, tallow fatty acid, coconut oil fatty acid and palm oil fatty 
acid. 

Examples of the fatty acid salt are. for instance, magnesium formate, sodium acetate, lithium acetate, potassium 
acetate, magnesium acetate, calcium acetate, barium acetate, magnesium propionate, calcium propionate, magnesium 
30 butyrate. sodium stearate. potassium stearate. magnesium stearate. calcium stearate. sodium oieate. magnesium 
oleate, calcium oieate. and the like. Magnesium acetate, calcium acetate, magnesium propionate and calcium stearate 
are preferably used. 

The carboxyiic acid-modified polyolefin (A5) is used in an amount of 5 to 100 parts by weight per 100 parts by 
weight of the EVOH (Al). The modified polyolefin (AS) is incorporated into the EVOH layer (A) containing the polyolefin 
35 (A3). 

It is preferable that the total amount of the polyolefin (A3) and the modified polyolefin (A5) is from 5 to 1 00 parts by 
weight especially 10 to 80 parts by weight per 100 parts by weight of the EVOH (A1). If the total amount (A3+A5) is 
less than the above range, the low temperature impact resistance is not improved. If the total amount is more than the 
above range, it is difficult to exhfoit a stable gas barrier property. The polyolefin (A3) and the modified polyolefin (A5) 

40 are used in such a proportion that the number of equivalents of carbonyl groups present in (A3+A5) is from 0.002 to 
0.05, preferably 0.004 to 0.02, per 100 g of a combination of (A3) and {AS), rf the number of equivalents of carbonyl 
group is less than the above range, it is difficult to exhiwt a stable gas barrier property, and rf more than the above range, 
thefhidity is detri orated, thus the surface roughness of the obtained moldings becomes marked. 

Further, with respect to the relationship between the carboxyiic acid-modified polyolefin (AS) and the alkali or alka- 

45 line earth metal compound (AG), it is preferable that the equivalent ratio of the metal of compound (A6) to the carbonyl 
group of modified polyamide (AS) is from 0.1 to 10, especially 1 to 3. If the equivalent ratio is less than the above range, 
the melt formabiBty is apt to be lowered, so it becomes difficult to obtain normal moldings. If the equivalent ratio is more 
than the above range, the thermal decomposition of a resin composition providing the layer (A) is accelerated to lower 
the mechanical strength of the obtained moldings. 

so A resin composition containing EVOH (A1 ), polyolefin (A3), carboxyfic acid-modrf ied polyolefin (A5) and metal com- 
pound (A6). which is used for forming the EVOH layer (A), is obtained by using a general known mixer such as a twin- 
screw extruder. The mixing procedure is not particularly restricted, but it is preferable to mix and mett a molten matter 
of each of or a mixture of (A1) and (A5) with a solid or molten matter of a mixture of polyolef ins (A3) and (A5). For exam- 
ple, a molten matter of either each of or a mixture of (A1) and (A6) and a solid or molten mixture of (A3) and (A5) are 

55 previously, separately prepared. Then, the molten mixture (A1+A6) and the molten mixture (A3+A5) ; the moften mixture 
(A1+A6) and the solid mixture (A3+A5); the molten matter (A1). the molten mixture (A3+A5) and the moften matter (A6); 
or the molten matter (Al), the solid mixture (A3+A5) and the molten matter (A6) are mixed and molten to give a resin 
composition for forming the layer (A). 

Concretely, a mett side feed method and a solid sid feed method ar adoptabl . Th melt side feed method is a 
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method wherein a portion of the components of a resin composition is made in a melted state, and therewith are mixed 
the other components in a melted state. For example, the components (A1) and (A6) are metted in a twin-screw 
extruder at a melting temperature of about 180° to about 250°C. and thereto the components (A3) and (AS) metted at 
a temperature of about 1 80° to about 280°C are fed from a side feed port of the extruder, and they are kneaded to give 
5 a uniform composition. This method is particularly useful when the difference in melt viscosity between the mixture 
(A1+A6) and th mixture (A3+A5) is large. 

The solid side feed method is a method wherein components having a higher melting point e.g.. (A1) and (A6), in 
a resin composition are made in a melted state, components having a lower melting point e.g.. (A3) and (A5). are 
added thereto in a solid state, and the both are melt-kneaded. For example, after the components (A1) and (A6) are 
io m rtedina twin-screw extruder at a temperature of 1 80° to 280°C, the components (A3) and (AS) are fed to the extruder 
from the side feed port thereof by a counting feeder and they are kneaded in the extruder to give a uniform composition. 

In these mixing procedures, the mixing of the components (A1) and (A6) is preferably carried out by dry -blending 
them and then melting the mixture, but the molten mixture may be obtained by adding the solid metal compound (A6) 
to the metted EVOH (A1) and mixing them to give a metted mixture. Also, the components (A1) and (A6) may be added 
is separately For example, a melted or solid mixture of (A3) and (AS) is added to the melted EVOH (A1), and the metal 
compound (A6) is added to the resulting mixture and mixed in a melted state. 

For the purpose of improving the heat stability in melting and the molding processing stability, (A7) a hindered phe- 
nol compound, (AS) an alkaline earth metal salt of an aliphatic carboxylic acid, or (A9) at least one compound selected 
from the group consisting of an ethylenebis(fatty acid amide), a higher fatty acid metal salt a high molecular weight 
20 ester, a fatty acid ester and a hydrocarbon compound may be incrxxxxated into the EVOH layer (A). The components 
(A7), (A8) and (A9) may be used alone or in combination thereof. 

Examples of the hindered phenol compound (A7) are, for instance, N,N'4iexarriethylenebis(3,5^-t4xjtyl-4-hydrox- 
yhydrocinnamamide), 1 J ( 3-tris(2^e1hyM4iydroxy-5-t-bu^ 1,3,5-trimethyl-2,4,6-tris(3,5<li-t-^xrtyl-4- 
hydroxybenzyl)benzene. tetrakis{methylene-3-(3\5 , ^i-t-birtyW'-hydw n-octadecy1-^-(4 f -hydroxy- 
25 3\?Kji-t-butylpheriyi)propionate i 2,2'-methylenebis(4^eth^^-butylplierio0, 2,2'-methylenebis(4-ethYl-6-t-butylphe- 
nol). 4,4Mhiobis(6-t-but^m<resol). 4.4Mltiobis<3-rriethyl^t-butylphenoO ( p^ntaerytr¥iryl-tetrakis(3-^ 
hydroxyphenyQpfopwnate], and the like. Preferably, there is selected at least one of N,N*^exarnethylenebis(3,5<ji-t- 
buryl^-hydroxyhydrodnrmmamide). 1. 3. 5-tri methyl -2.4,6-tris(3,5<fi-t-b^ and pentaerythr- 

ityl-tetralos{3-(3,5<JM^ 

30 Examples of the aliphatic carboxylic acid alkaline earth metal salt (AS) are, for instance, beryllium, magnesium, cal- 
cium, strontium and barium salts of aliphatic carboxylic acids having 1 to 9 or more carbon atoms, such as acetic acid, 
proionic acid, butyric acid, valeric acid, caproic acid and capryUc acid. Particularly magnesium and calcium salts of 
aliphatic carboxylic acids having 2 to 4 carbon atoms are useful. 

Examples of the compound (A9) are. for instance, ethyl enebis(C 16 to C 18 fatty acid amide) such as ethyl- 

35 enebis(stearylamide); higher fatty acid metal salts, e.g., zinc, aluminum and alkaline earth metal salts of fatty acids hav- 
ing 12 or more carbon atoms, such as zinc stearate, lead stearate, aluminum stearate, calcium st ear ate and 
magnesium stearate; high molecular esters such as "Suparm AcetT made by NOF Corporation, 'Hoechst Wax E" made 
by Hoechst Japan Limited, "Ughtol" made by Sanwa Vushi Kabushiti Kaisha and haze wax; fatty acid esters, e.g., fatty 
acid alkyl esters such as butyl stearate. "Nissan Castor Wax A* made by NOF Corporation, and "TB-121 " made by Mat- 

40 stimoto Vushi Seiyaku Kabushiki Kaisha; hydrocarbon compounds, e.g., low molecular weight polyolefins such as pol- 
yethylene having a viscosity average molecular weight of 900 to 30.000. and low molecular weight modified polyolefins 
such as modified polyethylene and modified polypropylene having a viscosity average molecular weight of 1,000 to 
20.000 and an acid value of 5 to 100. Preferred are ethylenebis(C 1 e to C 18 fatty acid amide), zinc stearate, lead stear- 
ate, calcium stearate. magnesium stearate. and modified polyethylene and polypropylene having a viscosity average 

45 molecular weight of 1 .000 to 20,000 and an acid value of 5 to 100. Zinc stearate and calcium stearate are particularly 
preferable. 

It is preferable that the amount of the hindered phenol compound (A7) is from 0.01 to 1 % by weight, especially 0.03 
to 0.9 % by weight, more especially 0.05 to 0.8 % by weight, based on the total weight of the components (A1 ) and (A4). 
When the amount is less than the above range, oxidative thermal deterioration may occur during molding because of 
so lack of oxidation inhibiting property. On the other hand, even if the amount is increased beyond the above range, its 
effect does not increase so much, thus economically disadvantageous. 

The amount of the aliphatic carboxylic acid alkaline earth metal salt (A8) is from, in terms of metal, 0 5 to 15 *i 
moles/g. preferably 1 to 10 u moles/g, based on the total weight of the components (A1) and (A4). When the amount of 
the component (A8) is less than the above range, the melt viscosity of a resin composition may rise. If the amount is 
ss more than the above range, foaming may occur at the time of molding or the interlaminer strength may be lowered. 

The amount of the compound (A9) is preferably from 0.01 to 1 % by weight, especially 0.1 to 1 % by weight, based 
on the total weight of the polymer components (A1 ) and (A4). When the amount of the compound (A9) is less than 0.01 
% by weight, residue may increase, ff the amount is more than 1 % by weight, surging frequently occurs during molding, 
thus laminates having uniform quality are not stably obtained. 
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The EVOH layer (A) is laminated with a resin composition layer (B) comprising a polyolefin (B1) and an EVOH (B2). 
The EVOH (B2) used in the layer (B) must be a hydrolyzed ethylene- vinyl acetate copolymer having an ethylene 
content of 1 0 to 70 % by mole, preferably 1 5 to 65 % by mole, more preferably 20 to 60 % by mole, and having a degree 
of hydrolysis of at least 85 % by mole, preferably at least 90 % by mole, more preferably at least 95 % by mole. If the 

s ethylene corrt rrt is less than 10 % by mol . th melt moldability is lowered. If the ethylene content is more than 70 % 
by mole, a gas barrier property such as impermeability to organic solvents is not obtained. Also, if the degree of hydrol- 
ysis is less than 85 % by mole, the gas barrier property and the resistance to organic solvents (volatile cornpounds com- 
prising hydrocarbons as a main component) are lowered. 

The EVOH (B2) may contain a small amount e.g., up to 15 % by mole, especially up to 10 % by mole, of a comon- 

10 omer so long as the properties such as transparency, gas barrier property and solvent resistance are not substantially 
impaired. Examples of the comonomer are, tor instance, an a-olefin such as propylene, tsobutene, a-octene, a- 
dodecene or a-octadecene; an unsaturated carboxytic acid, its salt its partial alkyl ester and its full alkyl ester; a nrtrile; 
an amide; an anhydride; an unsaturated sulfonic acid and its salt; and the like. The EVOH (B2) used in the present 
invention also comprehends those post-modified by urethanization, acetafization or cyanoethytation within the range 

15 substantially not impairing objective effects of the present invention, as well as those modified by coporymerization of 
the comonomer. 

Various kinds of polyolefin resins can be used as the polyolefin resin (B1). Examples of the polyolefin resin (B1) 
are, for instance, high density polyethylene/ medium density polyethylene, low density polyethylene, linear low density 
polyethylene, ultra low density polyethylene, ethylene copolymers with a comonomer, e.g.. vinyl acetate, an acrylic acid 

20 ester or an a-oJef in such as butene, neocene or 4-methyM -pentene, polypropylene homopolymer, a graft copolymer of 
polypropylene and ethylene, propylene copolymer with a ccmonomer. e.g., an a-olefin such as 4-methyl-1 -pentene. 
poly- 1 -butene, poly-4-methyM -pentene, mocffiied polyolefins derived from the aboveniientioned polyolefins, eg., the 
above-mentioned polyolefins modified by copofyrnerization or graft polymerization with a monomer such as an unsatu- 
rated carboxyGc acid or anhydride thereof, a vinyl si lane compound or an epoxy group-containing compound, and the 

25 like. Preferred are high density polyethylene, medium density polyethylene, low density polyethylene and ultra low den- 
sity polyethylene. 

The resin composition layer (B) is formed from a resin composition containing the polyolefin resin (B1) and 0.5 to 
40 parts by weight, preferably 1 to 30 parts by weight, more preferably 2 to 25 parts by weight, of the EVOH (B2) per 
100 parts by weight of the polyolefin resin (B1). If the amount of the EVOH (B2) is less than 0.5 part by weight the gas 
30 barrier property and the solvent cracking resistance are lowered. If the amount of the EVOH (B2) is more than 40 parts 
by weight, the mokJabflhy is lowered, and moreover the obtained moldings are poor in low temperature impact resist- 
ance. H is desirable that the resin composition layer (B) is in the state that the EVOH (B2) is dispersed into a continuous 
phase of the polyolefin resin (B1 ), preferably the EVOH (B2) forms a discontinuous phase in the for m of a thin chip, plate 
or the like. 

35 It is necessary to select the potyolef in resin (B1) and the EVOH (B2) used in the layer (B) so that the ratio of the 
apparent melt viscosities measured at 230*C at a rate of shear of 100 cm* 1 (ratio of the apparent melt viscosity of poly- 
olefin resin to the apparent melt viscosity of EVOH) is from 0.1 to 50, preferably from 0.5 to 20. more preferably from 
0.8 to 10. If the apparent melt viscosity ratio (B1/B2) is outside the above range, the cispersibilrty of EVOH becomes 
insufficient, so satisfactory gas barrier property and solvent cracking resistance cannot be obtained. 

40 A regrind obtained from scrap, trimming scrap and rejects generated when laminates comprising the polyolefin 
resin and EVOH are prepared may be used as a mixture of the polyolefin resin (B1) and the EVOH (B2) for the resin 
composition layer (B). Incorporation of polyolefin resin and EVOH into the regrind may be carried out at the time of use. 
It is also possible that a master batch in the form of pellets or particles is previously prepared by melt-mixing the poly- 
olefin resin and EVOH. and the regrind is mixed with the master batch and is subjected to melt molding. 

45 A hydrotaldte compound may be added to the regrind in order to secure a long run operabilrty required when the 
melt molding is conducted continuously for a long time. 

In older to improve the compatibility between the polyolefin resin (B1) and the EVOH (B2), the layer (B) may be 
incorporated with a graft copolymer (B3) prepared by graft-polymerizing an ethyl en i call y unsaturated carboxylic acid or 
its derivative onto a polyolefin resin and then reacting the resultant with a polyamide. The graft copolymer (B3) com- 

so posed of a poryolefin resin (B31) as a trunk polymer, an ethyl enically unsaturated carboxylic acid or its derivative (B32) 
and a polyamide (B33) is prepared, for instance, by dissolving or suspencfing the polyolefin resin (B31) in a suitable sol- 
vent or melting it, adding an initiator such as a peroxide or azo initiator thereto to activate the poryolefin resin chains, 
graftiwrymerizing the ethylenically unsaturated carboxylic acid or its derivative (B32) onto the polyolefin resin (B31), 
and mixing the resulting graft copolymer with the polyamide (B33) in the molten state. 

55 Examples of the polyolefin resin (B31) are. for instance, low density polyethylene, medium density polyethylene, 
high density polyethylene, linear low density polyethylene, linear medium density polyethylene, linear high density pol- 
yethylene, ionomer, ethylene-propylene block or random copolymer, crystalline polypropylene, poiybutene, ethylene- 
vinyl acetate copolymer, ethylene-acryiic acid ester copolymer, and the like. In particular, linear low density polyethyl- 
ene, low d nsity polyethylene, medium density polyethylene, high density polyethylene, ethylene-propylene block t 
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random copolymer, ethylene-vinyl acetate copolymer and crystalline polypropylene are preferable in practical use. 

Examples of the ethylenicaDy unsaturated carboxylic acid or its derivative (B32) to be grafted onto such trunk pol- 
ymer are, for instance, acrylic acid, methacrylic acid, crotonic acid, maleic acid, fumaric acid, rtacora'c acid and other 
unsaturated carboxylic acids, and anhydrides and hart esters thereof. 

The potyamides (B33) used in the preparation of the graft copolymer (B3) are those prepared by known methods 
such as polyaddrtion of a lactam, polycondensation of an arninocarboxylic acid, and polycondensation of a diamine and 
a dcarboxylic acid. The raw materials used for the preparation of the potyamides include, for instance, a lactam such 
as e-caprolactam. enanthlactam, capryUactam, lauryl lactam, a-pyrrofidone or a-pperidone; an c^amino acid such as 6- 
arriinccaproic acid. 7-amino-beptanoicacid, 9-aminononanoicacid or 11-anriroundecanoic acid; a dibasic acid such as 
adiptc acid, glutanc acid, pimelic acid, suberic acid, azelaic acid, sebacic acid, undecaneoloic acid, dodecanedioic add. 
hexadecanedioic acid, hexadecenedioic acid, eicosanedioic acid, eicosadienedioic acid, diglycoiic acid, 2,2,4-trimeth- 
ytadipic acid, xylyiene dicarboxytic acid. 1,4-cyclohexane cScarboxytic acid, terephthalic acid or isophthalic acid; and a 
diamine such as hexamethylenediamine, tetramethylenediamine, nonamethylenediamirte. undecamethylenediamine, 
dodecamethylenediarnine, 2,2,4- or 2,4.4-trimethylr>examBlhyienediamine, b6(4,4'-aminoc^ctohexyf)nrathane or m- 
xylenediamine. A monoamine such as laurylamine or oleytamine may be suitably used for the purpose of controlling the 
molecular weight 

In the preparation of the graft copolymer (B3), Brabender mixing machine, bathblender, single-screw extruder, twin- 
screw extruder such as Werner type or Pf leiderer type extruder, and the like are used. 

The polyolef in resins (B31) used as the trunk polymer for the graft copiymer (B3) are preferably selected from those 
having a degree of polymerization of about 350 to about 45,000, especially about 500 to about 10,000. and having a 
mett index (measured at 230° C under a load of 2. 160 g) of about 0.1 to about 50 g/10 minutes. 

The reaction ratio of the polyolef in resin (631 ) to the ethylenically unsaturated carboxylic acid or its derivative (B32) 
is from 1 00/0.05 to 1 00/1 0 by weight preferably 1 00/0.3 to 1 00/3 by weight H the (B3 1)/(B32) ratio is less than 1 00/0.05 
by weight, the compatibility improving effect of the graft copolymer is insufficient. If the ratio is more than 100/1O by 
weight the viscosity of a resin composition markedly increases in molding processing, thus such a graft copolymer is 
impractical. 

Polyamides having a degree of polymerization of at most 1.000, especially about 50 to about 500, are preferable 
as the polyamide (B33) used in the preparation of the graft copolymer (B3). The amount of the poryarnide (B33) is from 
0.01 to 1 mole, preferably 0.05 to 0.9 mole, per a carboxyl group. 

Other polymers than the polyamide (B33) may be added to the reaction system at the time of reacting the interme- 
diately produced graft copolymer with the polyamide, as occasion demands. 

The manner for preparing the resin composition for the layer (B) is not particularly restricted. For example, there 
are adoptable (1) a method wherein the EVOH and the polyolef in resin are melt-blended in a single-screw or mufti- 
screw extruder, and (2) a method wherein the resins are dry-blended by a rotational mixing machine or the like. The 
method (1) is practical. 

A polyolef in resin layer (C) is disposed on at least the outer side of the EVOH layer (A). The layer (C) of a different 
or same polyolef in resin may also be disposed on the other side, namely on the outer side of the layer (B). 

Polyolef in resins exemplified for the layer (B), namely polyolef in resins (Bl), can be used as the polyolefin resins 
for the layer (C). 

The laminates of the present invention have a basic layered structure of (C)/(A)/(B) or (C)/(A)/(By(C). The method 
for the preparation of the laminates is not particularly limited, and there are adoptable known various methods, eg., 
co extrusion lamination, melt extrusion lamination, dry lamination wherein films or sheets for respective layers are lam- 
inated using an adhesive resin, co extrusion, coinjection molding, coextrusion inflation molding, solution coating method 
(lay-up molding), and the like. 

Usually, an adhesive resin layer is provided between the layer(C) and the layer (A) and between the layer (A) and 
th layer (B). Polyolefin resins modified with an unsaturated carboxylic acid or its anhydride are used as the adhesive 
resins. An unsaturated carboxylic acid-modified or its anhydride-modified ethylene-a -olefin copolymer having a density 
of 0.86 to 0.95 g/cm 3 is preferred as the adhesive resin. Such resins can be obtained by modifying polyolefin resins as 
those exemplified for the polyolefin resin (B1). e.g., copolymers of a predominant amount of ethylene and an a olefin 
such as butene, hexene or 4-methyM-pentene, with an unsaturated carboxylic acid or its anhydride. The modification 
is conducted by copolymer ization of the monomers or graft polymierization of the unsaturated carboxylic acid or its 
anhydride onto the polyolefin resins. The modification product of course may contain the modified polymer, the unmodi- 
fied polymer and the carboxylic acid or its anhydride or homopolyrner thereof. 

Examples of the unsaturated carboxylic acid and its anhydride used for the modification are, for instance, maleic 
acid, maleic anhydride, fumaric acid, acrylic acid, methacrylic acid, crotonic acid, itacom'c acid, oitraconic acid, hexahy- 
drophthalic anhydride, and the like. 

The content of the unsaturated carboxylic acid or its anhydride in the modified ethyl ene-a-o!ef in copolymer is from 
0.001 to 10 % by weight, preferably 0.01 to 5 % by weight rf the carboxylic acid content in the modified copolymer is 
small, the adhesive force is lowered, and if the content is large, a crosslinking reaction occurs, resulting in deterioration 
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of moldabilrty. 

The laminate of the present invention can be formed into not only film and sheet, but also pipe, tube, container such 
as tank or bottle, and other shaped articles by the above-mentioned coextrusion. coinjection molding, coextrusion infla- 
tion molding, blow molding and the like. Also, the laminate can be heated again at a t mperature of about 1 00° to about 
150°C and stretched by a blow stretching method. 

The thickness of each layer of the laminate (C)/(A)/(B) or (C)/(A)/(B)/(C) varies depending on the uses and the 
properties requied therefor. In general, the thicknesses are selected from 30-10.000 jim/5-2.000 Mm/30-10,000 pm/30- 
10.000 jim. preferably 50-7,000 jim/10-500 Mm/50-7,000 jtm/50-7,000 jim. for (C)/(A)/(B)/(C). The thicknesses of the 
respective layers of the laminate (C)/(A)/(B) are the same as those of the layers (C). (A) and (B) for the laminate 
(C)/(A)/(B)/(C). The layers are arranged in the order of (C). (A). (B) and (C) from the inner side toward the outer side of 
molded articles. It is preferable that the EVOH layer (A) is located at the position of 20 to 60 %, especially 25 to 55 %. 
of the whole thickness apart from the inner side. 

The laminates in the form of a container of the present invention are useful for storage, transportation or the like of 
volatile materials composed mainly of hydrocarbons, e.g.. isooctane, thinner, machine oil, silicone oil, toluene, benzene, 
xylene and other organic solvents, sgricaltura! chemicals, reagents, and kerocene, light oil, heavy oil, gasoline and 
other fuel oils. 

In addition to the basic structure of (C)/(A)/(B) or (C)/(A)/(B)/(C) which may further include adhesive layer or layers 
between the respective layers, the laminates of the present invention may have a structure of (C)/(A)/(B)/(A)/(C) ( a 
structure of (C)/(B)/(A)/(B)/(C). and the like. 

Each layer of the laminates of the present invention may further contain usual additives as used for plastics for 
improving molding processability, physical properties and the like, e.g.. antioxidant, lubricant, hydrotacvte group com* 
pound, antistatic agent, plastfcizer. colorant, ultraviolet absorber, inorganic and organic fillers, and the like. 

The present invention is more specifically described and explained by means of the following Examples in which all 
parts and % are by weight unless otherwise noted. 

The following ingredients were used in the Examples. 

EVQH (AD 

A1-1 : EVOH having an ethylene content of 29 % by mole, a degree of hydrolysis of 99.6 % by mole, an apparent 

melt viscosity of 12,000 poises and a melt index (Ml) of 3 g/10 minutes 
A1-2: EVOH having an ethylene content of 32 % by mole, a degree of hydrolysis of 99.6 % by mole, an apparent 

melt viscosity of 1 1 .000 poises and an M I of 3 g/1 0 minutes 
A1 -3: EVOH having an ethylene content of 29 % by mole, a degree of hydrolysis of 99.6 % by mole, an apparent 

melt viscosity of 7.000 poises and an Ml of 8 g/10 minutes 

The apparent melt viscosity shown above is the value measured at 230°C and a rate of shear of 100 cm' 1 by 
Capirograph (trade mark) made by Toyo SeiW Kabushiki Kaisha using an orifice having a length of 10 mm and a diam- 
eter of 1 mm. The Ml shown above denotes a melt flow index measured at 210*0, 

Boron compound A2 

A2-1: Boric add 

Pol vol ef in resin (A3) 

A3-1 : Ultra low density polyethylene having a density of 0 905 g/cm 3 and an Ml of 1 g/10 minutes 
A3-2: Linear low density polyethylene having a density of 0.918 g/cm 3 and an Ml of 2 g/10 minutes 

The Ml shown above denotes a melt flow index measured at 210°C under a load of 2,160 g. 

Terironal^ontrolled oofyamide resin (M) 

A4-1; Nylon 6 

Terminal COOH group: 9 ji eq/g of polymer 

(100 xy)/{x+y) = 87 

Ml: 2.5 g/10 minutes (230*C. 2.160 g) 
A4-2: Nylon 6/66 (nylon 66 component: 25 % by weight) 
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Terminal COOH group; 3 u eq/g of polymer 

(100xy>/(x+y)=94 
Ml: 11.2 g/10 minutes (230-C. 2,160 g) 

A4-3: Nylon 6 

Terminal COOH group: 20 p eq/g of polymer 

(100xy)/(x+y)»60 
Ml: 3.6 g/10 minutes (230°C. 2.160 g) 
Carboxylic acid-modified porvolef in resin (A5) 

A5-1 : Ultra low density polyethylene modified with 3 % of malejc anhydride (Ml: 1 1 g/10 minutes) 
A5-2: Ultra low density polyethylene modified with 3 % of acrylic acid (Ml: 2.5 g/1 0 minutes) 
A5-3: High density polyethylene modified with 3 % of maleic anhydride (Ml: 4 g/1 0 minutes) 

The Ml shown above denotes a melt flow index measured at 190°C under a load of 2.160 g. 

Metal compound (AS) 

A6-1 : Magnesium oxide 
A6-2: Magnesium hydroxide 
A6-3: Magnesium acetate 

Resin composition I for layer (A) 

To a twin-screw extruder were fed 100 parts of EVOH (A1-1) and 0.4 part of magnesium oxide (A6-1), and were 
melted at 230°C. A blend of 25 parts of carboxylic acid-modWied polyolefin resin (A5-1) and 75 parts of polyolefin resin 
(A3 1) was previously melted in a single-screw extruder at 230*0, and was fed to the twin-screw extruder from a side 
feed port thereof so that the ratio of EVOH (A1 -1)fcolyolef in blend (A3-1)+<A5-1) was 60/40 by weight The both were 
uniformly kneaded by the twin-screw extruder and extruded to give resin pellets to be used for the layer (A). The number 
of equivalents of the metal compound (A6) based on carbonyl groups in the carboxylic add-rrxxfified polyolefin resin 
(A5) was 1.0. Also, the number of equivalents of carbonyl groups in 100 g of the polyolefin blend (A3+A5) was 0.015. 

Resin composition II for layer (M 

To a twin-screw extruder were fed 1 00 parts of EVOH (A1 -2) and 0.4 part of magnesium hydroxide (A6-2). and were 
melted at 230°C. A blend of 30 parts of carboxylic acid-mocfif ied polyolefin resin (A5-2) and 70 parts of polyolefin resin 
(A3-1) was previously melted in a single-screw extruder at 230° C. and was fed to the twin-screw extruder from a side 
feed port thereof so that the ratio of EVOH (A1-2>fc>oJyolefin blend (A3-1)+(A5-2) was 60/40 by weight. The both were 
uniformly kneaded by the twin-screw extruder and extruded to give resin pellets to be used for the layer (A). The number 
of equivalents of the metal compound (A6) based on carbonyl groups in the carboxylic acid-modified polyolefin resin 
(A5) was 1 .94. Also, the number of equivalents of carbonyl groups in 100 g of the polyolefin blend (A3+A5) was 0.008. 

Resin composition III for laver (A) 

To a twin-screw extruder were fed 1 00 parts of EVOH ( A1 -3) and 1.35 parts of magnesium acetate (A6-3), and were 
melted at 230°C. A blend of 25 parts of carboxylic ackl-mocfified polyolefin resin (A5-1) and 75 parts of polyolefin resin 
(A3-1) was previously melted in a single-screw extruder at 230°C. and was fed to the twin-screw extruder from a side 
feed port thereof so that the ratio of EVOH (A1 -3V|polyolef in blend (A3-1 WA5-1) was 60/40 by weight The both were 
uniformly kneaded by the twin-screw extruder and extruded to give resin pellets to be used for the layer (A). The number 
of equivalents of the metal compound (A6) based on carbonyl groups in the carboxylic acid-mocSfied polyolefin resin 
(A5) was 1 .86. Also, the number of equivalents of carbonyl groups in 1 00 g of the polyolefin Wend (A3+A5) was 0.01 . 

Resjn cprrposition IV for layer (A) 

T a twin-screw extrud r were fed 1 00 parts of EVOH ( A1 -1 ) and 1 .3 parts of magnesium acetate (A6-3). and were 
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melted at 230°C. A blend of 30 parts of carboxylic acid-modified polyolefin resin (A5-3) and 70 parts of polyolef in resin 
(A3 -2) was previously melted in a single-screw extruder at 230°C. and was fed to the twin-screw extruder from a side 
feed port thereof so that the ratio of EVOH (A1 -1 )/polyolefin blend (A3-2)+<A5-3) was 70/30 by weight The both were 
uniformly kneaded by the twin-screw extruder and extruded to give resin pellets to be used for the layer (A). The number 
of equivalents of the metal compound (A6) based on carbonyl groups in the carboxylic acid-mocfified polyolefin resin 
(A5) was 2.1 . Also, the number of equivalents of carbonyl groups in 100 g of th polyolefin blend (A3+A5) was 0.01 . 

Resin composrtion V for layer (A) 

A Wend of 100 parts of EVOH (A1-1) and 30 parts of polyolefin resin (A3-1) was uniformly kneaded by a twin-screw 
extruder, and was extruded to give resin pellets to be used for the layer (A). 

Hindered phenol composition (A7) 

A7-1: N.N'44exaniethylenebis(3.5<lM-bu^ commercially available under the trade 

mark "Irganox" 1 098 made by Cba-Gei gy AG 
A7-2: 1.3,5-Trimetriyt-2,4,6-tr^ commercially available under the trade 

mark "Irganox" 1330 made by Qba-Geigy AG 
A7-3: Pei^erythrrty1-tetraWsp^3,5Kli-t-bu^ commercially available under the trade 

mark "Irganox" 1010 made by Cfca-Geigy AG 

Aliphatic cartoxyiic acid alkaline earth metal salt (AS) 

A8- 1 : Magnesium acetate tetrahydrate 
A8-2: Calcium propionate 
A8-3: Magnesium butyrate 

Compound f A9) 

ASM: Ethyl en ebts(stearytarnide) 

A9-2: Polyethylene having a viscosity average molecular weight of 3 .200 and an acid value of 20 KOHmg/g 
A9-3: Zinc stearate 
A9-4: Magnesium stearate 

A9-5: Mixed metal soap of zinc stearate/calcium stearate = 1/0.5 by weight 
EVOH (B2) 

B2-1: EVOH having an ethylene content of 29 % by mole, a degree of hydrolysis of 99.6 % by mole, an apparent 

melt viscosity of 12.000 poises and a melt index (Ml) of 3 g/10 minutes 
B2-2: EVOH having an ethylene content of 32 % by mole, a degree of hydrolysis of 99.6 % by mole, an apparent 

melt viscosity of 11 ,000 poises and an Ml of 3 g/10 minutes 
B2-3: EVOH having an ethylene content of 29 % by mole, a degree of hydrolysis of 99.6 % by mole, an apparent 

mart viscosity of 7,000 poises and an Ml of 8 g/10 minutes 

The apparent melt viscosity shown above is the value measured at 230°C and a rate of shear of 100 cm* 1 . 
Polyolefin resin (B1> 

Bl-1: High density polyethylene (commercially available under the trade mark "Hizex" HZ8200B made by Mitsui 
Petrochemical Industries, Ltd.) having a density of 0.956 g/cm 3 and an apparent melt viscosity of 30.000 
poises 

B1 -2: High density polyethylene (commercially available under the trade mark "Showlex* 4551 H made by Showa 
Denko Kabushikj Kaisha) having a density of 0.945 g/cm 3 and an apparent melt viscosity of 30,000 poises 

The apparent melt viscosity shown above is the value measured at 230°C and a rate of shear of 1 00 cm 1 . 

Graft copolymer B3 



B3-1: 



Graft copolymer of an ethylene-propylene block copolymer (B31) (Ml 4.2 g/10 minutes, ethylene content 12 
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% by weight), maleic anhydride (B32) and a polye*caprolactum pofyarnide (B33) (av rage molecular weight 
200) wherein the (B31)/(B32) ratio is 100/2.1 by weight and the (B33)/(B32) ratio is 1/2 by mole 

B3-2: Graft copolymer of an ethylene-propylene random copolymer (B31) (Ml 3.6 g/10 minutes, ethylene content 3 
% by weight), maleic anhydride (B32) and a poJy-e-caprotactum pofyamide (B33) (average molecular w tght 
450) wherein the (B31)/(B32) ratio is 100/0.8 by weight and the (B33)/(B32) ratio is 1/4 by mole 

B3-3: Graft copolymer of an ethylene-propylene copolymer (B31) (Ml 27 g/10 minutes, ethylene content 12 % by 
weight), maleic anhydride (B32) and a poly-e-caprolactum polyamide (B33) (average molecular weight 320) 
wherein the (B31)/(B32) ratio is 100/1 by weight and the (B33)/(B32) ratio is 1/5 by mole 

The Ml shown above is a mert flow index measured at 21 0°C. 

Adhesive resin 

D-1 : Modified polyoiefin resin commercially available under the trade mark "Admer" NF450A made by Mitsui Petro- 
chemical Industries, Ltd. 

Example 1 

A multi-layer bottle (volume: about 500 nil) having a structure of inner layer (C) 300 urn/adhesive layer (D) 100 
pm/(A) 100 urn/adhesive layer (O) 100 um/(B) 350 urn/outer layer (C) 150 jim was prepared by an ooextruskxi miit- 
layer direct blow molding machine using the following resins in the respective layers. 

Layer (A); EVOHA1-1 

Layer (B): Resin composition comprising 1 00 parts of polyoiefin resin B1 -1 and 1 5 parte of EVOH B2- 

1 (the ratio of B1-1/B2-1 in apparent mett viscosity measured at 230°C at a rate of shear 
of 100 cm 1 : 2.5) 

Inner and outer layers (C): Polyoiefin resin B1-1 

Adhesive layers (D): Adhesive resin D-1 

The EVOH layer (A) was located at the position between about 36 % and about 45 % of the full thickness in the 
direction of the inside toward the outside. 

The bottle was filled with toluene, sealed and allowed to stand at 40° ± 2°C for 7 days. The amount of permeation 
of toluene at 40° ± 2°C determined by measuring the change in weight of the bottle was 0.004 g/day. 

The bottle filled with toluene was also allowed to stand at 40° ± 2°C for 8 weeks, and the amount of permeation of 
toluene after the storage was measured again. The amount of permeation was 0.004 g/day. 

The cross section of this bottle allowed to stand for 8 weeks was observed by a microscope. No generation of stress 
crack owing to the solvent was observed. 

Examples 2 to 6 

Bottles were prepared using the resins shown in Table 1 and estimated in the same manner as in Example 1 , pro- 
vided that in Examples 4 and 5 the thicknesses of the layers were inner layer (C) 300 urn/adhesive layer (D) 100 um/(A) 
1 00 urn/adhesive layer (D) 100 unV(B) 500 ^m/outer layer (C) 200 urn (the EVOH layer (A) was located in the position 
between about 31 % and 38 % of the fuB thickness in the direction of the inside toward the outside). 

The results are shown in Table 2 together with the results of Example 1 . 
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Table 1 





Resins used in respective layers 


Apparent me*t 
viscosity ratio 
in layer B 




Layer A 


Layer B* 


Layer C 


Layer D 




Ex.1 


A1-1 


BM/B2-1 (100/15) 


B1-1 


D-1 


2.5 


Ex.2 


A1-2 


B1 -1/82-2(100/20} 


B1-1 


D-1 


2.7 


Ex.3 


A1-3 


B1-2/B2-3 (100/15) 


B1-2 


D-1 


4.3 


Ex.4 


A1-1 


B1-1/B2-1 (100/15) 


B1-1 


D-1 


2.5 


Ex.5 


AM 


B1-1/B2-1 (100/10) 


B1-1 


D-1 


2.5 


Ex.6 


AM 


B1-1/B2-2 (100/20) 


B1-2 


D-1 


2.7 



Note 



The ratio in the parentheses denotes the weight ratio ol polyolefin Bl/EVOH B2. 



Comparative Example 1 

The procedure of Example 1 was repeated except that the layer (A) was omitted to give a mufti-layer bottle having 
a structure of inner layer (C) 600 pm/adhesrve layer (D) 100 pm/(B) 350 pm/outer layer (C) 150 *im. 
The results are shown in Table 2. 

Comparative Example 2 

The procedure of Example 1 was repeated except that the layer (B) was omitted to give a multi-layer bottle having 
a structure of inner layer (C) 300 jim/adhesive layer (D) 100 prn/(A) 100 jirrVadhesrve layer (D) 100 jinVouter layer (C) 
500 urn, wherein the EVOH layer (A) was located at the position between about 36 % and about 45 % of the full thick- 
ness in the direction of the inside toward the outside. 

The results are shown in Table 2. 



Table 2 





Amount of permeation of tolu- 
ene (g/day) 


Generation of stress 
cracks 




After storage 
for 7 days 


After storage 
for 8 weeks 




Ex.1 




0.004 


0.004 


no generation 


Ex.2 




0.005 


0.005 


no generation 


Ex.3 




0.004 


0.004 


no generation 


Ex.4 




0.004 


0.004 


no generation 


Ex.5 




0.006 


0.006 


no generation 


Ex.6 




0.005 


0.005 


no generation 


Com. 


Ex.1 


0.25 


0.30 


no generation 


Com. 


Ex.2 


0.02 


0.20 


generation of cracks 
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Ex prnp le 7 

A mutti -layer bottle (volume: about 500 ml) having a structure of inner layer (C) 300 unvadhesive layer (0) 100 
um/(A) 100 um/adhesiv layer (O) 100 jinrV(B) 350 jim/outer layer (C) 150 urn was prepared by an coextrusion murti- 
5 lay r direct blow molding machine using the following resins in the respective layers. 

Layer (A): Resin composition comprising EVOH (A1) and boron compound A2 shown in Table 3 

Layer (B): Resin composition comprising polyolefin resin B1 and EVOH B2 shown in Table 3 

Inner and outer layers (C) : Polyolefin resin B1 -1 

10 Adhesive layers (D): Adhesive resin D-1 

The EVOH layer (A) was located at the position between about 36 % and about 45 % of the full thickness in the 
direction of the inside toward the outside. 

The bottle was filled with toluene, sealed and allowed to stand at 40° ± 2°C tor 7 days. The amount of permeation 
is of toluene at 40° ± 2°C determined by measuring the change in weight of the bottle was 0.004 g/day. 

The bottle filled with toluene was also allowed to stand at 40° ± 2°C for 8 weeks, and the amount of permeation of 
toluene after the storage was measured again. The amount of permeation was 0.004 g/day. 

The cross section of this bottle allowed to stand for 8 weeks was observed by an optical microscope. No generation 
of stress crack owing to the solvent was observed. 
20 The bottle allowed to stand for 8 weeks which was filled with toluene was fallen down from the height of 5 m onto a 
concrete surface at -40°C in order to estimate the low temperature impact resistance. There were not observed destruc- 
tion of bottle (visual observation) and cracking of bottle surface and section (optical microscopic observation). 

frcamplesSto 12 

25 

Bottles were prepared using the resins shown in Table 3 and estimated in the same manner as in Example 7, pro- 
vided that in Examples 10 and 1 1 the thicknesses of the layers were inner layer (C) 300 jim/adhesive layer (0) 100 
*inV(A) 100 Mm/adhesive layer (D) 100 um/(B) 500 urn/outer layer (C) 200 urn (the EVOH layer (A) was located in the 
position between about 31 % and 38 % of the full thickness in the direction of the inside toward the outside). 
so The procedure of Example 7 was also repeated except that boric acid (A2-1) was not incorporated into the layer 
(A) to form a layer (A) made of only EVOH (A1 ). That is to say. the same bottle as that of Example 1 was prepared. 
The results are shown in Table 4 together with the results of Examples 1 and 7. 



Table 3 





Resins used in respective layers 


Amount of boron 
based on EVOH 
in layer A (%) 




Layer A" 1 


Layer B M 


Layer C 


Layer D 




Ex.7 


A1-1/A2-1 (100/0.05) 


B1-1/B2-1 (100/15) 


B1-1 


D-1 


0.009 


Ex.8 


A1-2/A2-1 (1007D.05) 


B1-1/B2-2 (100/20) 


B1-1 


D-1 


0 009 


Ex.9 


A1-1/A2-1 (100/0.1) 


B1-1/B2* 2 (100/5) 


B1-1 


D-1 


0.017 


Ex.10 


A1-1A2-1 (100/0.05) 


BM/B2-1 (100/15) 


B1-1 


D-1 


0.009 


Ex.11 


A1-1/A2-1 (100/0.1) 


B1-1/B2-3 (100/10) 


B1-1 


D-1 


0.017 


Ex.12 


A1-1/A2-1 (100/0.2) 


B1-1/B2-2 (100/20) 


B1-2 


D-1 


0.035 



SO Notes 

•1 The ratio in the parentheses denotes the weight ratio of EVOH A 1 /boron compound A2 or polyolefin 
BVEVOH B2. 

*2 The component B2 used in Example 9 was the same as the resin composition used lor the layer (A), 
namely a mixture of EVOH (Al 1 ) and boron compound A2-1 in a ratio of 1 00/0. 1 by weight. 
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Comparative Example 3 

The procedure of Example 7 was repeated except that EVOH B2-1 was incorporated into the layer (B) in an amount 
of 0.1 part based on polyolefin B1-1. 
5 The results are shown in Table 4. 

Co m parativ e Exa mple 4 

The procedure of Example 7 was repeated except that EVOH B2-1 was incorporated into the layer (B) in an amount 
jo of 50 parts based on polyolefin B1-1. 
The results are shown in Table 4. 



Table 4 



15 




Amount of permeation of tolu- 
ene (g/tiay) 


Generation of 
stress cracks 


Low temperature impact resist- 
ance 






After storage 
tor 7 days 


After storage 
for 8 weeks 






so 


Ex.7 


0.004 


0.004 


none 


good 




Ex.8 


0.005 


0.005 


none 


good 




Ex.9 


0.004 


0.004 


none 


good 


25 


Ex.10 


0.004 


0.004 


none 


good 


Ex.11 


0.006 


0.006 


none 


good 




Ex.12 


0.006 


0.006 


none 


good 




Ex 1 


0 004 


0.004 


none 


generation of cracks in section 


30 


Com Ex.3 


0.006 


0.20 


generation 


generation of cracks in section 




Com. Ex.4 


0.002 


0.002 


none 


breakage of bottle 



-35 

Example 13 

A multi-layer bottle (volume: about 500 ml) having a structure of inner layer (C) 300 jim /adhesive layer (D) 100 
jim/(A) 100 um/adhesive layer (D) 100 jim/fB) 350 firtvouter layer (C) 150 pm was prepared by an coextrusion muHi- 
<o layer direct blow molding machine using the following resins in the respective layers. 

Layer (A): Resin composition comprising the components (A1), <A4), (A7). (AS) and (A9) shown in 

Table 5 

Layer (B); Resin composition comprising polyolefin resin B1 and EVOH B2 shown in Table 5 

45 Inner and outer layers (C): Polyolefin resin B1 
Adhesive layers (D): Adhesive resin D-1 

The EVOH layer (A) was located at the position between about 36 % and about 45 % of the full thickness in the 
direction of the inside toward the outside. 
so The bottle was filled with toluene and sealed. The amount of permeation of toluene at 40° ± 2°C determined by 
measuring the change in weight of the bottle was 0.005 g/day. 

The bottle filled with toluene was stored at 40° ± 2°C for 8 weeks, and the amount of permeation of toluene after 
the storage was measured again. The amount of permeation was 0.005 g/day. 

The cross section of this bottle allowed to stand for 8 weeks was observed by an optical microscope. No generation 
55 of stress crack owing to the solvent was observed. 

The bottle stored for 8 weeks which was filled with toluene was fallen down from the height of 5 m onto a concrete 
surface at -40°C in order to estimate the low temperature impact resistance. There were not observed destruction of 
bottle (visual observation) and cracking of bottle surface and section (optical microscopic observation). 
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Examntes 14 to 2S and Comparative Examples 5 to 7 

Bottles were prepared using the resins shown in Table 5 and estimated in the same manner as in Example 13, pro- 
vided that in Examples 16 and 17 the thicknesses of the layers were inner layer (C) 300 u/rvadhesive layer (D) 100 
M nV(A) 100 urn/adhesiv layer (D) 100 nm/(B) 500 jim/outer layer (C) 200 urn (the EVOH layer (A) was located in the 
position between about 31 % and 38 % of the full thickness in the direction of the inside toward the outside). 

The results are shown in Table 5 together with the results of Examples 1 and 13. 

In Table 5, the amounts of the hindered phenol compound (A7) and the compound (A9) denote those based on the 
total weight of the components (A1) and (A4), and the value shown after the metal of the aliphatic carboxylic ackJ alka- 
lin earth metal salt (A8) denotes the amount of the metal (p mole/g) based on the total weight of the components (A1) 
and (A4). 
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Example 26 

A mufti-layer bottle (volume: about 500 ml) having a structure of inner layer (C) 300 nm/adhesive layer (D) 100 
jim/(A) 100 urn/adhesive layer (D) 100 jmV(B) 350 jinVouter layer (C) 150 jim was prepared by an coextrusion multi- 
lay r direct blow molding machine using the following resins in the respective layers. 

Layer (A): Resin composition I 

Layer (B) : Resin composition comprising 1 00 parts of polyolef in resin B1 -1 and 1 5 parts of EVOH B2- 

1 (the ratio of B1-1/B2-1 in apparent melt viscosity measured at 230°C at a rate of shear 
of 100 cm* 1 : 2,5) 

Inner and outer layers (C): Polyolef in resin B1 -1 

Adhesive layers (D): Adhesive resin D-1 

The EVOH layer (A) was located at the position between about 36 % and about 45 % of the full thickness in the 
direction of the inside toward the outside. 

The bottle was filled with toluene, sealed and allowed to stand at 40° ± 2*C for 7 days. The amount of permeation 
of toluene at 40* ± 2°C determined by measuring the change in weight of the bottle was 0.007 gAiay. 

The bottle filled with toluene was allowed to stand at 40° ± 2°C for 8 weeks, and the amount of permeation of tolu- 
ene was measured again. The amount of permeation was 0.007 gAlay. 

The cross section of this bottle allowed to stand for 8 weeks was observed by an optical microscopa No generation 
of stress crack owing to the solvent was observed. 

The bottle allowed to stand for 8 weeks which was filled with toluene was fallen down from the height of 5 m onto a 
concrete surface at -40°C in order to estimate the low temperature impact resistance. There were not observed destruc- 
tion of bottle (visual observation) and cracking of bottle surface and section (optical microscopic observation). 

Examples 27 to 36 

Bottles were prepared using the resins shown in Table 6 and estimated in the same manner as in Example 26. pro- 
vided that in Examples 29 and 30 the thicknesses of the layers were inner layer (C) 300 jim/adhesrve layer (D) 100 
*im/(A) 100 um/adhesive layer (D) 100 »inV(B) 500 um/outer layer (C) 200 pm (the EVOH layer (A) was located in the 
position between about 31 % and 38 % of the full thickness in the direction of the inside toward the outside), and in 
Examples 33 and 34 the outer and imer potyolefin layers (C) were omitted to a laminate having a structure of inner 
EVOH layer (A) 100 um/adhesive layer (D) 100 Mm/outer layer (B) 500 urn. 

The results are shown in Table 7 together with the results of Examples 1 and 26. 



Table 6 





Resins used in respective layers 


Apparent melt 

viscosity ratio 
in layer B 




Layer A 


Layer B* 


Layer C 


Layer D 




Ex.26 


Comp.1 


BM/B2-1 (100/15) 


B1-1 


D-1 


2.5 


Ex.27 


Comp.ll 


B1-1/B2-2 (100/20) 


B1-1 


D-1 


2.7 


Ex.28 


Comp.111 


B1-1/B2-3 (100/15) 


B1-2 


D-1 


4.3 


Ex 29 


Comp.1 


B1-1/B2-1 (100/15) 


B1-1 


D-1 


2.5 


Ex.30 


Comp.1 


B1-1/B2-3 (100/10) 


B1-1 


D-1 


4.3 


Ex.31 


Comp.1 


B1 -2/82-2(100/25) 


B1-2 


D-1 


2.7 


Ex.32 


Comp.ll 


B1-2/B2-1 (100/5) 


BM 


D-1 


2.5 


Ex.33 


Comp.1 


B1-1/B2-1 (100/15) 




D-1 


2.5 


Ex.34 


CompJ 


B1-1/B2-1 (100/10) 




D-1 


2.5 


Ex.35 


Comp.IV 


B1-1/B2-1 (100/15) 


B1-1 


D-1 


2.5 


Ex.36 


Comp.V 


B1-1/B2-1 (100/15) 


B1-1 


D-1 


2.5 



Note 

The ratio in the parentheses denotes the weight ratio of potyolefin B1/EVOH B2. 
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Conwativ Examples 

The procedure of Example 26 was repeated except that the layer (A} and the adhesive layers (C) were omitted to 
give a multi-layer bottle having a structure of inner layer (C) 600 ^m/(8) 350 urn/outer layer (C) 150 *im. 
The results are shown in Table 7. 

Comparative Example 9 

The procedure of Example 26 was repeated except that the layer (B) was omitted to give a multi-layer bottie having 
a structure of inner layer (C) 300 urn/adhesive layer (D) 100 pm/(A) 100 ^m/adhesive layer (D) 100 jim/outer layer (C) 
500 um, wherein the EVOH layer (A) was located at the position between about 36 % and about 45 % of the full thick- 
ness in the direction of the inside toward the outside. 

The results are shown in Table 7. 

Example 37 

The procedure of Example 26 was repeated except that the poJyoJefin resin (A3) and the carboxySc acid-modified 
polyolefin (AS) in the layer (A) were used in amounts of 0.375 part and 0.125 part, respectively. 
The results are shown in Table 7. 

Comparative Example 10 

The procedure of Example 26 was repeated except that the polyolefin resin (A3) and the carboxyfic acid-modified 
polyolefin (A5) in the layer (A) were used in amounts of 1 50 parts and 50 parts, respectively. 
The results are shown in Table 7. 

Comparative Example 1 1 

The procedure of Example 26 was repeated except that the EVOH (B2-1) in the layer (B) was used in an amount 
of 0.1 part. 

The results are shown in Table 7. 

Comparative Example 1 2 

The procedure of Example 26 was repeated except that the EVOH (B2-1) in the layer (B) was used in an amount 
of 50 parts. 

The results are shown in Table 7. 
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Table 7 





Amount of permeation of toluene 
<9«ay) 


stress cracks 


Low temperature 
impact resistance 




After allowing to 
stand for 7 days 


After allowing to 
stand for 8 weeks 






Ex.26 


0.007 


0.007 


none 


good 


Ex.27 


0.007 


0.007 


none 


good 


Ex.28 


0.007 


0.007 


none 


good 


Ex.29 


0.007 


0.007 


none 


good 


Ex.30 


0.009 


0.009 


none 


good 


Ex.31 


0.005 


0.005 


none 


good 


Ex.32 


0.010 


0.011 


none 


good 


Ex.33 


O.010 


0.015 


none 


good 


Ex.34 


n mo 
U.U lo 


0.019 


none 


good 


Ex.35 


0.006 


0.006 


none 


good 


Ex.36 


0.012 


0.015 


none 


good 


Ex.1 


0.004 


0.004 


none 


generation of cracks 


Ex.37 


0.004 


0.004 


none 


generation of cracks 


Com. Ex.8 


0.25 


0.30 


none 


good 


Com. Ex.9 


0.25 


0.30 


generation 


generation of cracks 


Com. Ex.10 


0.18 


0.22 


none 


good 


Com. Ex.11 


0.018 


0.20 


generation 


generation of cracks 


Com. Ex.12 


0.003 


0.003 


none 


breakage of bottle 



Example 38 



«/ A mufti-layer bottle {volume: about 500 ml) having a structure of inner layer (C) 300 um/adhesive layer (D) 100 
um/(A) 100 Mm/adhesive layer (D) 100 nnV(B) 350 unVouter layer (C) 150 urn was prepared by an coextrusion multi- 
layer direct blow molding machine using the following resins in the respective layers. 

Layer (A): EVOHA1-1 
45 Layer (B): Resin composition comprising 100 parts of polyolehn resin B1-1 , 15 parts of EVOH B2-1 

and 10 parts of graft copolymer B3-1 (the ratio of B1-1/B2-1 in apparent melt viscosity 

measured at 230°C at a rale of shear of 100 cm* 1 : 2.5) 
Inner and outer layers (C): PoJyolefin resin B1 -1 
Adhesive layers (D): Adhesive resin D-1 

so 

The EVOH layer (A) was located at the position between about 36 % and about 45 % of the full thickness in the 
direction of the inside toward the outside. 

The bottle was filled with toluene, sealed and allowed to stand for 7 days. The amount of permeation of toluene at 
40° ± 2*C determined by measuring the change in weight of the bottle was 0.004 g>day. 
55 The bottle filled with toluene was allowed to stand at 40° ± 2*C for 8 weeks, and the amount of permeation of tolu- 
ene after the storage was measured again. The amount of permeation was 0.004 g/day. 

The cross section of this bottle allowed to stand for 8 weeks was observed by an optical microscope. No generation 
of stress crack owing to the solvent was observed. 

The bottle allowed to stand for 8 weeks which was filled with toluene was fallen down from the height of 5 m onto a 
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concr te surface at -40°C in order to estimate the low temperature impact resistance. Then, the amount of permeation 
of toluene was measured in the sam mann r as above. The amount of permeation was 0.004 g/day. so there was no 
change. Thus, rt was confirmed that the bottle had a good low temperature impact resistance. 

Examples 39 to 43 

Bottles were prepared using the resins shown in Table 8 and estimated in the same manner as in Example 38. pro- 
vided that in Examples 40 and 41 the thicknesses of the layers were inner layer (C) 300 Mm/adhesive layer (O) 100 
jinV(A) 100 Jim/adhesive layer (D) 100 jim/(B) 500 urn/outer layer (C) 200 *im (the EVOH layer (A) was located in the 
position between about 31 % and 38 % of the full thickness in the direction of the inside toward the outside). 

The results are shown in Table 9 together with the results of Example 38. 
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Comparative Example 13 

The procedure of Example 33 was repealed except that the layer (B) and the adhesive layers (C) were omitted to 
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give a multi-layer bottle having a structure of inner layer (C) 1 50 |inV(A) 350 um/outer layer (C) 600 jim. 
The results are shown in Table 9, 

Comparative Example 14 

The procedure of Example 38 was repeated except that the layer (B) was omitted to give a multi-layer bottle having 
a structure of inner layer (C) 300 am/adhesive layer (D) 100 um/(A) 100 um/adhesive layer (0) 100 MnVouter layer (C) 
500 pm, wherein the EVOH layer (A) was located at the position between about 36 % and about 45 % of the full thick- 
ness in the direction of the inside toward the outside. 

The results are shown in Table 9. 

Comparative Example 15 

The procedure of Example 38 was repeated except that the use of EVOH (B2-1) in the layer (B) was omitted. 
The results are shown in Table 9. 

Comparative Example 1 6 

The procedure of Example 38 was repeated except that the use of polyolefin resin {B1 -1) in the layer (B) was omit- 
ted. 

The results are shown in Table 9. 



Table 9 





Amount of permeation of toluene (g/day) 


Generation of 
stress cracks 




After allowing to 
stand tor 7 days 


After allowing to 
stand for 8 weeks 


After impact resist- 
ance test 




Ex.38 


0.004 


0.004 


0.004 


none 


Ex.39 


0.005 


0.005 


0.006 


none 


Ex.40 


0 004 


0.004 


0.006 


none 


Ex.41 


0.004 


0.004 


0.004 


none 


Ex.42 


0.006 


0.006 


0.007 


none 


Ex.43 


0.006 


0.006 


0.008 


none 


Com. Ex.13 


0.25 


0.30 


0.30 


none 


Com. Ex.14 


0.02 


0.20 


020 


cracking 


Com. Ex.15 


0.02 


0.20 


020 


cracking 


Com. Ex.16 


0.001 


0.001 


breakage of bottle 


none 



In addition to the ingredients used in the Examples, other ingredients can be used in the Examples as set forth in 
th specification to obtain substantially the same results. 

A laminate having an excellent gas barrier property and an improved organic sorvent resistance and is suitable for 
use in containers for chemicals and volatile materials such as organic solvents and fuels, which comprises: 

(A) a layer comprising (A1) a hydrolyzed etfrytene-vinyf acetate copolymer having an ethylene content of 10 to 70 
% by mole and a degree of hydrolysis of at least 85 % by mole. 

(B) a layer of a resin composition comprising (B1 ) a polyolefin resin and (B2) 0.5 to 40 % by weight, based on said 
polyolefin (B1). of a hydrolyzed ethylene-vinyl acetate copolymer having an ethylene content of 10 to 70 % by mole 
and a degree of hydrolysis of at least 85 % by mole, 

(C) an outer layer of a polyolefin resin disposed on the outer side of said layer (A), and 

optionally an outer layer of said polyolefin resin (C) disposed on the other side and at least one adhesive 
layer disposed between adjacent two layers, 
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wherein the ratio of the apparent matt viscosity of said potyoJefin (B1) to that of said hydrolyzed copolymer 
(B2) at a rate of shear of 100 cm' 1 and at 230°C is from 0.1 to 50. 

The laminate may further contain, in the layer (A), at least one member selected from the group consisting of (A2) 
a boron compound, (A3) a polyolefin resin. (A4) a termical controiled-polyamide resin, (A5) a carboxylic acid-modified 
potyotefin resin. (A6) at least one of salts, oxides and hydroxides of alkali and alkaline earth metals, and may further 
contain, in the layer (B), a graft copolymer prepared by graft polymerization of an ethylenically unsaturated carboxytic 
acid or its derivative onto a polyolefin followed by a reaction with a polyarrtide. 

Claims 

1 . A laminate comprising: 

(A) a layer comprising (A1) a hydrolyzed ethytene-vinyl acetate copolymer having an ethylene content of 10 to 
70 % by mole and a degree of hydrolysis of at least 85 % by mole, 

(B) a layer of a resin composition comprising (B1) a polyolefin resin and (B2) 0.5 to 40 parts by weight, per 100 
parts by weight of said polyolefin resin (B1), of a hydrolyzed ethylene-vinyi acetate copolymer having an ethyl- 
ene content of 10 to 70% by mole and a degree of hydrolysis of at least 85% by mole, and 

(C) a layer of a polyolefin resin disposed on the outer side of said layer (A), 

wherein the ratio of the apparent melt viscosity of said polyolefin resin (B1) to that of said hydrolyzed 
copolymer (B2) at a rate of shear of 100 cm" 1 and at 230" C is from 0.1 to 50. 

2. The laminate of Claim 1 , wherein said polyolefin layer (C) is also disposed on the outer side of said resin composi- 
tion layer (B). 

3. The laminate of Claim 1 or 2. wherein said layer (A) contains (A2) a boron compound. 

4. The laminate of Claim 3. wherein said boron compound (A2) is contained in said layer (A) in an amount of 0.001 to 
0.5 % by weight in terms of boron based on said hydrolyzed ethylene-vinyt acetate copolymer (A1). 

5. The laminate of any of Claims 1 to 4. wherein said layer (B) contains (B3) a graft copolymer of a polyolefin resin 
and an ethylenically unsaturated carboxylic acid or its derivative which is further reacted with a polyamide subse- 
quently to the graft polymerization of said ethylenically unsaturated carboxylic acid or its derivative. 

6. The laminate of Claim 5. wherein said polyolefin (B1), said hydrolyzed ethylene-vinyt acetate copolymer (B2) and 
said graft copolymer (B3) are present in said layer (B) in an (B1):(B2):(B3) ratio of 2 to 200 : 1 : 0.01 to 100 by 
weight 

7. The laminate of any of Claims 1 to 6, wherein said layer (A) contains (A3) 5 to 100 parts by weight of a polyolefin 
per 100 parts by weight of said hydrolyzed ethylene-vinyt acetate copolymer (A1 ). 

8. The laminate of Claim 7, wherein said layer (A) further contains (A5) a carboxylic acio^ modified polyolefin and (A6) 
at least one compound selected from the group consisting of a salt, an oxide and a hydroxide of an alkali metal, and 
a salt, an oxide and a hydroxide of an alkaline earth metal. 

9. The laminate of any of Claims 1 to 8. wherein said layer (A) contains (A4) a temiinal-controlled polyamide resin in 
which the number of terminal COOH groups (x) and the number of terminal CONRR' groups (y) in which R is a 
riydrocarbon group having 1 to 22 carbon atoms and R' is a hydrogen atom or a hydrocarbon group having 1 to 22 
carbon atoms, are controlled by a terminal controlling agent so as to satisfy the equation: (100 x y)/(x + y) * 5. 

1 0. The laminate of Claim 9, wherein said hydrolyzed ethylene-vinyl acetate copolymer (A1) and said terminal-control- 
led polyamide resin (A4) are present in said layer (A) in an (A1):(A4) ratio of 7050 to 96:4 by weight. 

1 1 . The laminate of Claim 9 or 1 0, wherein said layer (A) further contains at least one member selected from the group 
consisting of (A7) a hindered phenol compound, (AS) an alkaline earth metal salt of an aliphatic carboxylic acid, 
and (A9) at least one compound selected from the group consisting of an ethylenebis(fatty acid amide), a higher 
fatty acid ester and a hydrocarbon compound. 

12. The laminate of Claim 11, wherein the amounts of said components (A7). (A8) and (A9) ar 0.01 to 1 % by weight, 
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0.5 to 15 n mole/g in terms of the alkaline earth metal, and 0.01 to 1 % by weight, respectively, based n th sum 
of the components ( A1 ) and (A4). 

1 3. The laminate of Claim 11 or 1 2. wherein said hindered phenol compound (A7) is at least one member selected from 
the group consisting of NX^exametriy1ene4)is(3,5<iM-b^ 1.3.5-trimethyl-2.4,6-tris(3.5- 
di-t-butyl-4-hydroxybenzyl)benzene, and perTtaerythrityMetfaWsf^ 

14. The laminate of any of Claims 1 to 13. wherein said layer (A) is located at the position between 20 to 60 % of the 
full thickness of said laminate in the direction of the inside toward the outsida 

15. A container made of a laminate of any of Claims 1 to 14. 

1 6. Use of the container of Claim 1 5 for storing or transporting volatile compounds composed mainly of hydrocarbons. 
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